Abstract Over the last decade, a few cases of visceral leishmaniasis (VL) have been reported in some districts of the province of Golestan, in north-eastern Iran. The aim of the present study was to investigate the prevalence of Leishmania infantum infection among humans and domestic dogs by using direct agglutination test (DAT) and PCR assays in the eastern zone of the province. Between 2011 and 2012, blood samples were randomly collected from 450 humans and 50 domestic dogs, in the eastern zone of Golestan Province including 7 villages from Maravetappeh district where new cases of human VL had been recorded there. Each of these samples was tested for antiLeishmania antibodies, in DAT, and for L. infantum kinetoplast DNA on whole blood, in PCR-based assays. A total of 450 human samples, 6 (1.33 %) were found seropositive and 13 (2.8 %) was found PCR-positive. Of the 50 dog samples, 16 (32 %) were found seropositive and 15 (30 %) were PCR-positive. All PCR-positive dogs were found seropositive except one as well as 6 (46.2 %) PCR-positive humans were also found seropositive. Moreover, the species of L. infantum was detected in all PCR-positive samples. The high prevalence of VL in the study areas offer it has emerged as an endemic focus in the province. Further investigations on the vectors, reservoirs and human population are recommended.
Introduction
Visceral leishmaniasis (VL) or Kala-azar, is a systemic parasitic disease that is caused by Leishmania donovani complex which is transmitted by different species of sandflies. The annual occurrence of human visceral leishmaniasis (HVL) cases worldwide is estimated to be 500,000 and accounts for 75,000 deaths annually (WHO 2000 (WHO , 2010a . Nevertheless, these diseases are still considered as neglected tropical diseases (WHO 2010b) . Leishmaniasis still constitutes a major public health problem and burden of the disease is being increased in the World (Desjeux 2001) . In addition, Leishmania-HIV coinfections in the adult population are being reported with increasing frequency (WHO 2000) . The predominant clinical signs and symptoms of HVL include prolonged fever, hepatosplenomegaly, substantial weight loss, progressive anemia, and death. The disease is fatal in left treated cases (Caldas et al. 2006) . Leishmania infantum is responsible cause for visceral leishmaniasis among children in the Mediterranean regions including Iran and domestic dogs are considered a main reservoir hosts for the disease (Mazloumi Gavgani et al. 2002; Edrissian et al. 1993) . At the present time, VL is known as an endemic disease in at least five provinces of Iran and sporadic cases of VL are reported from other areas of the country (Mohebali et al. 2001 (Mohebali et al. , 2011 Edrissian et al. 1999; Fakhar et al. 2004 Fakhar et al. , 2006 .
VL is considered to be a emerging disease globally and in the Eastern Mediterranean Region (Rathor 1996) . Recent outbreaks of VL in India and the epidemic of human immunodeficiency virus (HIV) make VL a re-emerging problem in India (Redhu et al. 2006; Sharma et al. 2007 ), Brazil (Arias et al. 1996) and Israel (Yaari et al. 2004 ). Outbreaks of VL have also been related with deforestation, environmental changes and population migrations (Ashford 2000; Sharma et al. 2007) . Individual risk factors such as malnutrition, HIV, genetic factors, etc. are also responsible for epidemiologic trend diversity of VL (Desjeux 2004) .
The unpublished records of the provincial health service in the province of Golestan indicate a worrying recent increase in the incidence of VL in the eastern district of the province where each year nomadic tribes are settling in summer there. To our knowledge, no study concerning VL has been carried out in the province so far. Therefore, the aim of our study was to investigate the prevalence of L. infantum infection among humans and domestic dogs in the Maravetappeh district of the province, by using direct agglutination test (DAT) and polymerase chain reaction (PCR)-based assays to check blood samples from human subjects and dogs for evidence of recent or current infection.
Materials and methods

Study area
The study was conducted throughout 2011-2012 in the eastern zone of Golestan Province including 7 villages from Marave-tappeh district where cases of human VL had previously been reported. Golestan Province is located in the north-east of Iran (54°26 0 E, 36°50 0 N) and also has a moderate and humid climate with an annual mean rainfall of 556 mm (Saeedian 2009 ).
Sample collection and testing
Blood samples were collected in EDTA-coated tubes from children under 12 years old and 10 % of their parents as well as of domestic dogs from 7 villages. All the samples were collected by cluster sampling methods. Overall, 450 human and 50 dog blood samples were collected. All the samples centrifuged at 1,000 g for 5 min and their plasma and buffy coat were separated. All the human plasma samples were tested in DAT (Harith et al. 1989 ) and buffy coat were examined by PCR assay. DAT antigen was prepared in Leishmaniasis lab, at the School of Public Health, Tehran University of Medical Sciences and stored at 4°C until used according to the method described by Harith et al. (1989) . For primary screening in human samples; dilutions were made at 1:800. Samples with titers 1:800 were diluted further to give end-point titers of 1:102,400. All the dog plasma samples were tested by DAT according to the method as described by Mohebali et al. (2006) . Specific anti-Leishmania antibodies at a titer of C1:3,200 in human plasma and C1:320 in dog plasma were considered as positive based on our previous studies Mohebali et al. 2006 Mohebali et al. , 2011 .
Total DNA was extracted from blood buffy coat as described by Motazedian et al. (2002) . Briefly, 200 ll of buffy coat was homogenized with 200 ll lyses buffer [50 mM TrisHCl (pH = 7.6), 1 mM EDTA and 1 % Tween 20] and 10 ll of proteinase K solution (containing 19 mg of the enzyme/ ml), in a 1.5 ml micro centrifuge tube. The homogenate was then incubated at 37°C overnight before 200 ll of a phenol: chloroform: isoamyl alcohol mixture was added. After being shaken vigorously, the tube holding the mix was centrifuged (10,0009g for 10 min) and then the DNA in the supernatant solution was precipitated with 400 ll cold, pure ethanol, resuspended in 50 ll double-distilled water and then stored at 4°C until it could be tested. It was re-suspended in 100 ll sterile distillated water and stored at 4°C until it could be tested in a modified genous-specific PCR for a sequence from the kinetoplast DNA (k DNA) of Leishmania. The primers used, RV 1 (5 0 -CTT TTC TGG TCC CGC GGG TAG G-3 0 ) and RV 2 (5 0 -CCA CCT GCG CTA TTT TAC ACC A-3 0 ) amplify a 145-bp sequence from the Leishmania kDNA minicircles, according to the methods as described by Fakhar et al. (2008) .
The PCR products were separated by electrophoresis in a 2 % agarose gel, stained with ethidium bromide, visualized under ultra-violet trans-illumination, and sized by comparison with a 100 bp ladder. Each sample found PCRpositive for leishmanial DNA was then investigated using the PCR described by Fakhar et al. (2008) , which is based on the species-specific primers LINR4 and LIN17 to confirm that the DNA detected was that of L. infantum. Data analyses were performed with SPSS (version 13.5; SPSS Inc, Chicago, IL, USA), with a probability (P) value of \0.05 were considered as statistically significant.
Results
DAT screening
Of the 450 subjects (214 males and 236 females) investigated, 48, 46.9 and 5.1 % were aged \5, 5-10 and [10 years respectively. Two (0.44 %) of the subjects had suffered from VL, at least one year before their blood was sampled for the present study.
Overall, 6 (1.33 %) of the subjects were found seropositive. Male and female subjects were found serpositive as equal. All 6 seropositive cases were children aged B10 years and three of them had clinical sings of VL including prolonged fever, hepato-splenomegaly and weight loss. Although a 5-10 years subjects was more likely to be found seropositive than a \5 one, the difference was not statistically significant (1.1 vs. 0.2 %; P = 0.55). Although all suspected subjects (at 1:1,600 titers) have been followed-up for at least 11 months but none have yet shown any symptoms of VL.
A total of 50 dogs (44 males and 6 females) examined, 64 and 36 % were aged 0-2 and [2 years respectively. Sixteen (32 %) of them were found seropositive. Most (13) of cases were aged 0-2 years and only one of them had clinical sings including alopecia, skin lesions and weight loss and also the remained ones were asymptomatic. Although a male dog was more likely to be found seropositive than a female one, the difference was not statistically significant (26 vs. 6 %; P = 0.07).
PCR screening
Overall, 13 (2.8 %) of the subjects were found PCR-positive in the Leishmania-specific PCR based on the RV1/ RV2 primer set (see Fig. 1 ). Only 6 (46.1 %) of the PCRpositive subjects were also found seropositive. There was no significant difference between male and female in PCRpositive. All 13 PCR-positive subjects were children aged B10 years. Only three of them had clinical sings of VL and they also were seropositive by DAT. Although 10 of the PCR positive cases have now been followed-up for at least 11 months, none has yet shown any symptoms of VL.
Overall, 15 (30 %) of the dogs were found PCR-positive. All 15 PCR-positive dogs were also found seropositive. Most (14) of them were aged 0-2 years and only one of them had clinical sings. Although a male dog was more likely to be found PCR-positive than a female one, the difference was not statistically significant (24 vs. 6 %; P = 0.07). All 13 subjects and 15 dogs were subsequently found positive for L. infantum DNA, using species-specific PCR based on the LINR4/LIN17 primer set.
Discussion
For the first time, our preliminary study was carried out in Golestan Province. Overall, 1.33 and 32 % of the human and dogs investigated in the present study were found seropositive in a DAT based assay respectively. DAT is a simple, cost-effective and field-applicable method that is often suggested for the field diagnosis of VL in endemic regions and frequently used for that reason in Iran (Mohebali et al. 2001 (Mohebali et al. , 2011 Edrissian et al. 1999; Fakhar et al. 2006 Fakhar et al. , 2008 . The sensitivity and specificity of this method varies in different studies between 90-100 % and 72-100 %, respectively (Sundar and Rai 2002; Singh 2006; Fakhar et al. 2012a ). Our DAT results showed that 50 % (3/6), 93.7 % (15/16) of human and dogs were asymptomatic, respectively. Recent epidemiological reports from Iran (Fakhar et al. 2008; Alborzi et al. 2008 ) have shown that asymptomatic HVL infection with L. infantum occurs more frequently than was previously believed. Fakhar et al. (2008) suggested that those with asymptomatic infection can act as reservoirs for HVL in southern Iran. Asymptomatic human carriers also pose a threat to blood banks in those areas were L. infantum is endemic, since the parasite can be transmitted by transfusion. Also they clearly pose a problem to VL-control programmes, especially when, as in Golestan Province (present study), they are fairly common (Fakhar et al. 2008) . Moreover, epidemiological investigations in L. infantum endemic regions of Iran indicate that more than 60-70 % of seropositive dogs are asymptomatic (Mohebali et al. 2011; Edrissian et al. 1999; Fakhar et al. 2012b; Moshfea et al. 2009 ).
In our study, 2.8 and 30 % of the human and dogs were found PCR positive respectively. Gao et al. (2006) and Lachaud et al. (2001) described that the primer pairs RV 1 -RV 2 were most sensitive (with sensitivity equal to 0.0001 parasite ml -1 blood) and suitable for detection the asymptomatic and symptomatic infections of L. infantum in human and dogs in the endemic area, so, we used RV 1 -RV 2 primers set in the present study. Recently, the use of PCR with high sensitivity (70-100 %) and specificity (100 %) has been used in different parts of the World (Sundar and Rai 2002; Singh 2006; Riera et al. 2004) . Based on our previous study that carried out in Fars Province, the sensitivity and specificity of PCR for detection of HVL were determined 82.1 and 100 %, respectively (Fakhar et al. 2012a ). The PCR technique has several advantages including the ability to work with small amounts of target material, fast detection of Leishmania in symptomatic patients and asymptomatic carriers as well as Leishmania/HIV co-infected patients, the follow up of treatment and the assessment of the successful cure of visceral leishmaniasis (Cascio et al. 2002; Bossolasco et al. 2003; Riera et al. 2004; Maurya et al. 2005) . It is also useful to complement the serological results (Fakhar et al. 2012a) .
Our PCR results showed that 76.9 % (3/13), 93.3 % (14/ 15) of human and dogs were asymptomatic, respectively. These finding are same as other studies in Iran that described above such as Fakhar et al. (2008 Fakhar et al. ( , 2012b . Since the majority of PCR-positive dogs were asymptomatic, indicating the presence of L. infantum amastigotes in the peripheral blood of the subjects, it clear that these asymptomatic dogs are common in the study areas and may act as reservoir hosts in the transmission of L. infantum, to humans and to other dogs, by sandflies.
Visceral leishmaniasis is considered as an emerged and neglected parasitic disease in the Middle East, Americas and African regions (Ashford 2000; WHO 2010a, b) . Because of the high prevalence of L. infantum infection in the area of Golestan Province and establishment of nomadic tribes in this province, it is considered as a new endemic focus in Iran and that this could have an impact on tourisms and emigrants as well as cause a high public health burden for local residents specially children aged under 10 years old.
Moreover, we believe that the VL is one of the most neglected of the neglected parasitic diseases in the province. As a whole, according to aforementioned and our investigations look like VL has been emerged in the area. The main reasons of the emergence of VL may be including migrating of tribes to the province, ecological and whether changes, mass screening the individuals using valuable serological and rapid tests such as DAT and the increasing number of infants suffer from malnutrition condition.
In conclusion, our study confirmed that asymptomatic L. infantum infections are more common than symptomatic one in the areas. Also, asymptomatic dogs as well as symptomatic ones, have an important role in the maintenance of L. infantum infection. Our results could increase the awareness of local physicians and alertness Provincial Health centers for planning VL control programmes in the area. Further investigations on other epidemiological aspects of VL regarding to the vectors, reservoirs and human population are recommended in the province.
